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An evaluation of three
elements of
pulmon.ary rehabilitation
In this study of 39 patients with severe chronic
airflow Iimitation, an independent groupdesign
examined the effect onexerciseperformance of
a six-week program of leg muscle training,
inspiratory muscle training and postural
drainage. Exercise performance was re-
assessed atthree months after the completion
of the training program. MANOVA analysis of
the 12-minute walking distance test showed a
significant training effect (p<0.001) with the
largest effectoccurring with leg muscle training
(873 to 952 metres), a placebo response with
postural drainage (886 to 925 metres) and
minimalchangewith·inspiratorymuscletraining
(911 to 920 metres). There was aGarry over
effectatthree months with leg muscle training,
that was not seen in the other groups.
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Physiotherapy 38: 189-193, 1992]
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hronic airflow limitation or
obstruction (CAL) is recognised
as an important puhlichealth
problem in W estern nations where
mortality from CAL is rising (Higgins
and Thorn 1989). This would suggest
that the prevalence of CAL in the
general population may be ·increasing
and placing a greater demand on all
health care systems.
Pulmonary rehabilitation programs
which provide medical management,
exercise programs and instruction in
breathing exercises and other secretion
clearance techniques have been
suggested as the most effective
approach in patients with CAL
(Cherniak 1983, Hudson and Pierson
1981, Petty 1985).
Medical management which
incorporates patient education would
be..a consistent feature in any
pulmonary rehabilitation program.
General exercise programs have been
established as beneficial in this patient
group (Alison et al 1981, Cockcroft et
a11981) whilst inspiratory muscle
training has been advocated as an
alternative training mode (Belman and
Mittman 1980, Pardyetal1981a and
1981b, Sonne and Davis 1982). The
effect of postural drainage on exercise
performance has not been examined,
whilst breathing exercises have not
been shown to influence·exercise
performance (Booker etal 1985,
Williams et aI1982).
A two-year study to examine the
short and longer term effects on
exercise performance of general
exercise training, inspiratory muscle
training and postural drainage in
patients with CAL was undertaken at
the Heidelberg Repatriation Hospital.
It was hypothesised that both general
exercise and inspiratory muscle
training would improve exercise
performance in the short term but the
use of postural drainage would not. In
the longer term, there should be a
carry over effect from walking training,
as walking is an activity of daily life.
The potential for longer term effects
from inspiratory muscle training or
postural drainage·was unknown. The
study was approved by the Hospital
Ethics Committee"
Method
All patients attending the hospital
respiratory outpatient clinics were
assessed and selected according to the
followingcriteria:
1. Reduced exercise capacity and
activity level.
2" The ratio of FEV1 to VC was less
than 40 per cent and the FEVl was
less than 50 per cent ofpredicted
normal.
3. The baseline FEV1 altered by less
than O,,2L following administration
of 200 of salbutamolaerosoL
ug
4. The patient's CAL was judged to
be stable as shown by clinical
assessment, spirometry and arterial
blood gas measurement on at least
two occasions, four weeks apart"
5. No evidence of heart failure.
6. Drug treatment was stable for two
months and remained stable. The
intake of corticosteroids did not
exclude patients but the use of
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supplemental oxygen, digitalis or
diuretic therapy did.
7. All patients were male and less
than 80 years of age.
8w The patients had to be able to
cycle on the ergometer.
9. Written consent to enter the study
was given.
Each patient underwent a
standardised battery of tests prior to
commencing and immediately
following the treatment program.
This included standardised 12-minute
walking distance (12MWD) tests
(Guyatt et al 1984, McGavin et al
1976), cycle ergometer (CE) tests
(Jones and Campbell 1982), three-
minute maximum sustained breathing
capacity (MSBC) tests modified from
the MSBC test used by Freedman,
(1970) and maximum static inspiratory
mouth pressure tests at functional
residual capacity (MIP-FRC) and
residual volume (MIP-RV) using the
methodology described by O'Connell
and Campbell (1976). For both the
12MWD and MSBC tests, the patients
were familiarised to the procedure by
performing one practice trial in the
four weeks prior to the baseline
testing. On the 12MWD test day,
each patient had to perform, a
minimum of three walks under
supervision from the same investigator.
They had a 30-minute rest period
between attempts. The best distance
walked was taken if there was a second
value within 5 per cent. In a few
patients who did not achieve this with
three attempts, further ,tests were
undertaken until it was achieved. The
post training values were obtained
using the same methodology without a
practice walk. Reviews of spirometry
and 12MWD testing were undertaken
at three, six and 12 months after
training.
Mer completion of the baseline tests,
the patients were randomly assigned by
an independent hospital staff member
to one of three treatment groups for a
program of either leg muscle training
via a treadmill (LMT Group),
inspiratory muscle training using a
threshold pressure preathing device
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(IMT Group) as described in Flynn et
al (1989) or postural drainage (CPT
Group) which incorporated active
cycles of breathing techniques (ACBT)
(Webber 1988).
Training
Each training program had- a
standardised length of 20 minutes and
each training session was supervised
individually by the same cardiothoracic
physiotherapist. Patients attended
three times a week for six weeks and
were admitted to the study in groups of
four to six. At each session, the
program included the assigned training
regimen for 15 minutes and a five-
minute period of ACBT performed in
sitting. Thus all patients were taught
some breathing control and secretion
clearance techniques. Mer an hour of
resting in a chair, the patients repeated
their assigned regimens.
Treadmill training commenced at the
walking speed achieved in the
12MWD test and, on successfully
completing two consecutive attempts,
the treadmill speed was increased by 10
per cent. The starting pressure for the
threshold pressure breathing was
determined by commencing at 70 per
cent ofMIP-RV and decreasing the
pressure by 5 per cent intervals until it
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could be sustained for 15 minutes.
The patients were progressed by 10
per cent after successful completion of
two consecutive attempts. The
postural drainage program remained
unchanged throughout the six week
program. It consisted of alternate
postural drainage positioning for the
right or left lateral basal segment of the
lower lobes with the application of
ACBT. Every patient was encouraged
to continue their active treatment
program for the same duration on a
daily basis at home. The LMT group
was encouraged to take up a regular
walking program, the IMT group was
provided with their breathing training
devices and nose pegs to use at home
and the CPT group was encouraged to
continue with their postural drainage
regimen.
Statistical analysis
The baseline data for the patient
groups were analysed by one-way
ANOVAs to determine the
homogeneity of the groups. Following
training, data were analysed either by
MANOVA or by repeated measures
ANOVA. As a wide diversity of
measures was taken, the critical
probability level for the statistics
reported in the study, was set at p =
0.01 (Keppel 1973).
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Table 2.
Means and standard deviations ofrespiratory function data of the groups at pre treatment.
Group Initial FEVl FEVl (L) PostBronchodilator
% pred FEV1(L)
Baseline 1 month
review
Forced Expiratory
Ratio (%)
Baseline 1 month
review
LMT 0.91 ± 0.3 31.6 ± 8.9 1.00± 0.3 1.00± 0.3 27.3 ± 6.4 29.1 ± 8.3
IMT 0.82 ± 0.3 29.0 ± 11.2 0.95 ± 0.3 0.92 ± 0.3 24.5 ± 6.2 26.3 ± 7.1
CPT 0.78 ± 0.2 27.6 ± 7.2 O.89± 0.3 0.85 ± 0.3 24.5 ± 5.7 27.0 ± 6.5
FEVi' forced expiratory volume in one second; (L), litres.
Results
Subjects
Of the 46 patients who met the
selection criteria and commenced the
study, 39 complied fully with all
aspects of the training .programs ·and
only their results were analysed. From
the remaining seven patients, five
developed intercurrent illness and two
attended for less than 75 per cent of
the time and were excluded. Fourteen
of the 15 patients allocated in the
LMT group, 12 ofthe 15 patients in
the IMTgroup and 130f the 16
patients in the· CPT group completed
the training programs.
Baseline data
The data of the patient characteristics
for the groups are presented in Table
1. Using one....way ANOVAs, no
significant differences between the
groups were found on any of the
variables. Twenty-four of the patients
had a daily productive cough, however
only two patients in the CPT group
and one each in theLMTand IMT
groups had more than two productive
coughs per session. In Table 2, the
respiratory function data also
demonstrated homogeneity amongst
the groups when subjected to ANOVA
and that the degree of airflow
limitation was severe, irreversible and
stable.
12 minute walking distances
The data for this test of functional
performance are presented in Table J.
Analysis of the pre-training data
showed no significant difference
between the groups (F 2 3Z =0.12,
p>0.05). A MANOVAot the pre and
post training walking data showed a
highly.significant·time effect within the
subjects (F 1236 = 15.98, p<O.OOI) but
only a weaker interaction, group by
time effect, was seen (F J ~,,36 =3.59,
p<0.05) with the major ettect in the
LMTgroup.
At three months, 34 patients returned
for review. All the patients in the CPT
group, 11 from the LMTgroup and 10
from the IMTgroup were re-assessed.
By six and 12 months, the number of
patients available for assessment had
fallen to 21 and 16 respectively and
these results were not analysed. The
results from the three-month review
(see Table 3) demonstrated some carry
over effect in the LMTgroup but this
was minimal in the other groups and
the differences between the groups
were not statistically significant.
Cycle ergometer tests
At pre-training there were no
significant differences between the
groups. There were insignificant
changes in workload, oxygen uptake
and minute ventilation after training.
Only the values obtained on heart rate
for the total sample demonstrated a
significant change when the pre and
post training values wvreanalysed by
repeated measures .A:·;vA (F 237 =
5.12,p<0.Ol). An indication ofa small
heart rate training response, in beats
per minute, was seen in the LMT
group (pre-training 131±18 to post
training 123±17) when compared with
the CPT group (136±13 to 134±16)
and the IMT group (128±18 to
134±17).
The 12MWD testis self-paced and
not necessarily a maximal test of
function. T o examine the work rate of
the patients during the 12MWD, the
distances walked and the CE test
workloads were compared. A positive
Pearson's correlation was seen at both
the pre and post training tests (pre-
training, r =0.69, p<O.OOl;post
training, r =0.72,p<0.OOI). Therefore,
during the 12MWD test the patients
attained work rates close to their
maximal levels.
Specific respiratory muscle
function tests
Data analyses of the pre-training values
for the MSBC and MIP tests showed
no significant differences between the
groups. Following training, the MSBC
values had changed rninimallyand
were not statistically significantly
different. For the MIP-FRC values,
.'
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886.3····±··2·3.S.9
925.0±242.8
898.6±2J4.0
911.2.±221.4
920.J±2J5.1
915.2±< 177.1
LMTGROUP IMT CROUP CPT,GROUPVariable
Table 3
Meansandstandarddeviationsofthete·sts for 12MWDinmetres.
Pre.training 12MVVD 873.2±136.2
Posttraining 12MVVD 951.6± 146.4
3.month 12MWD 926.0·.± 155.7
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measured in centimetres of water
(cmH20), all groups had significant
increases'after training (LMTGroup
37 to 45cmH20; IMTGroup 29 to
39cmH20; CPT Group 39 to
44cmH20) but there was no
statistically significant difference
between the ,groups.
Discussion
In examining all the pre-training
measures, it was apparent that the
groups, although small in numbers,
were well matched and that the
respiratory function data met the
criteria for the CAL classification of
severely impaired.
From this study, a significant short
term effect on functional performance
was seen. The training program which
produced the largest effect on exercise
performance was leg muscle training.
Modest effects occurred with postural
drainage and minimal effects with
inspiratory muscle training. In
addition, only the LMT group
demonstrated a small cardiovascular
training response. This outcome
supports the previously mentioned
studies by Alison et al (1981) and
Cockcroft et al (1981).
The minor change in the 12MWD
results in the IMTgroupwas in
contrast to the large 12MWD
increases reported in other studies
(Belman and Mittman 1980, Pardy et
al 1981a and 1981b). A potentially
confounding variable' was the
differences between the baseline
12MWDmean values for the groups.
Although no significant differences
were found on analysis, the IMT group
baseline was higher. This may reflect
merely the smallness of the group or
alternatively, that these patients were
physically fitter or had less severe
disease at the commencement of the
training.
The lack of improvement in exercise
performance has been reported in
other studies Gederlinic et a11984,
Jones et al 1985 and McKeon et al
1986). In particular, Jederlinic et al
(1984) demonstrated an association
between hypoventilation, arterial
oxygen desaturation and a lack of
improvement in exercise performance.
In the present study, breathing
frequency and oxygen saturation were
not measured in all the IMT patients.
Therefore, it was not possible to
determine whether these factors
explained the poor performance.
It was important to establish that the
inspiratory muscle training program
had fulfilled its objective. The specific
tests initially chosen to demonstrate
the effects ofrespiratory muscle
training were not sensitive enough to
detect respiratory muscle training
responses. Ina concurrent study of the
last eight patients in the IMT group,
further tests of respiratory muscle
function, as described by Flenley
(1985), were undertaken. Those
results, reported by Flynnet al (1989),
demonstrated a significant respiratory
muscle training response.
The improvement in the 12MWD
test in the CPT group is difficult to
explain physiologically. It is doubtful
whether the patients were .subjected to
a sufficient level of exercise intensity
fora whole body training. effect to
occur (Astrand and Rodahl 1977) and
from this study, inspiratory muscle
training was sufficiently deleterious
that not even a placebo response was
observed. The differences between the
IMT and CPT groups were real,even
if they did not reach a level of
statistical significance.
A possible explanation for the better
performance of the CPT group may
have been improved clearance of
bronchial secretions. However,only
two patients had moderately
productive coughs and their results did
not skew the performance outcome.
Therefore, it would seem that this
response was due to a 'placebo effect
and examination of the 12MWDat
three months would corroborate this.
Long-term review was difficult to
achieve as many patients were
unwilling to return. From this study,
some longer term benefits ofimproved
exercise performance remained but
only in the group who had undertaken
leg muscle training. This effect was
not uniform throughout the group but
encouragement to follow a formal
walking program should lead to
maintenance of improved exercise
performance.
Within the USA, the estimated cost
of conducting a six week pulmonary
rehabilitation program is $US600 -
800 per patient (Holle et al1988).No
cost comparison is available for
Australian programs but as all health
facilities have greater demands made
upon them, it is imperative that any
program contains safe and effective
therapeutic approaches.
Conclusion
On the basis of this study, the major
training element needed for effective
pulmonary rehabilitation is a general
exercise program of sufficient intensity,
duration and frequency to gain a
training response. Instruction in
secretion clearance techniques will be
helpful, particularly in those patients
with excessive secretions. Inspiratory
muscle training of the sort used in this
study <does not appear to be suitable for
general use. Asix-"weekexercise
training program will produce a gain in
functional performance which will
have some .carry over benefits for three
months.
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